Growing evidence indicates that European managed honey bees are in decline, but information for Europe remains patchy and localized. Here we compile data from 18 European countries to assess trends in the number of honey bee colonies and beekeepers between 1965 and 2005.
Introduction
Honey bees have been managed in Europe for several millennia (Crane, 1999) and have contributed to human diets directly through honey, and indirectly by providing pollination services to a wide range crops and wild plants. It is estimated that 84% of the European Union's crops depend, at least in part, on insect pollination (Williams, 1994) and honey bees are the easiest to manage, and thus appear to be the most important crop pollinators (McGregor, 1976; Delaplane and Mayer 2000) . In light of the importance of honey bees for pollination and human nutrition, recent major losses of honey bee colonies demand urgent scientific clarification. While it is well established that the ectoparasitic mite Varroa destructor is a major contributor following its arrival in Europe in the 1970s, the drivers of more recent losses remain unclear (Stokstad, 2007) . It is obvious that any understanding of the underlying factors and causes for these major colony losses requires a detailed knowledge of the number of live and dead colonies, ideally at a global scale.
Whilst a 'global pollinator crisis' was questioned by Ghazoul (2005) , there have been an increasing number of local reports over past decades suggesting that the numbers of honey bee colonies are declining. In the USA, the statistics show declines in honey bee colonies in 1947 -1972 , 1989 -1996 , a recent drop in 2005 (National Research Council, 2006 , as well as major losses in the past two years (vanEngelsdorp et al., 2008) . For Europe, however, the evidence is patchy and often poorly documented despite clear and severe cases of honey bee losses in a number of regions (e.g. Rosenkranz and Wallner, 2008) . Moreover, the numbers of beekeepers have not been assessed at a European scale, which is probably crucial because density of colonies closely matches the density of beekeepers (Moritz et al., 2007) . Furthermore, wild or feral honey bee colonies are also declining in the USA and in Europe (Kraus and Page, 1995; Moritz et al., 2007; Jaffé et al., 2009 ) most probably due to V. destructor, leaving behind only those colonies kept by beekeepers. In conclusion, there has as yet been no large-scale assessment of the extent of the problem in Europe. It is therefore prudent to bring together and critically assess the available information for Europe. Here we aim to quantify the extent of changes in honey bee colony numbers and beekeepers across Europe over past decades.
Materials and methods
We selected a number of European countries for the purposes of data mining. The choice of country was based on the availability of suitable data and geographic spread. The 18 countries included were: Austria Using national beekeeping journals, national beekeeping organizations and government reports, we collected information on the total number of colonies and beekeepers (Table 1) . In order to assess changes through time, we targeted data in five-year increments from 1965 to 2005. Not all countries were able to provide data for all dates. For two countries, we were able to access additional detailed annual statistics for colony and beekeeper numbers: Sweden, 1920 -2005 and England, 1953 (Table 1) .
Information on the arrival date for V. destructor in each country was obtained, where possible, from journal publications or national beekeeping organizations or equivalent (Table 1) .
Tabulations of total numbers of colonies and beekeepers were made for each country through time and data gaps identified. Two To examine for regional differences, countries were assigned using climatic characteristics as central European (AT, BE, CZ, DE, DK, EN, LU, NL, PL, SC, SK and WA), Scandinavia (NO, SF and SE), or Mediterranean (GR, IT, and PT). Mean net changes for colony numbers and beekeeper numbers for all countries and regions were compared to zero (no change) using a t-test. All datasets were tested for normality and transformed where appropriate. Country codes are given in Table 1 . We are interested in general patterns through time, and while data were collected by different national bodies over several decades with each country operating its own census, we could find no evidence that the method of collection changed at any point in time across countries. Given the consistency of trends across countries and regions, and the lack of any obvious mechanism that could distort records consistently in one direction, we conclude that the direction of observed trends is reliable. We do however, note that the magnitude of trends may be less reliable and this is discussed below.
Results

Data
Several drivers of honey bee loss have been proposed (Stokstad, 2007; vanEngelsdorp et al., 2009) Moreover, in some countries beekeepers even have to pay a tax per hive. Increases and decreases are, however, only considered within countries, thereby limiting the effect of these factors. On the other hand, policy might have changed in some countries within the evaluation period, which further limits data interpretation. In conclusion, we found trends, which should, however, be carefully interpreted.
The overall trend for changes in the number of beekeepers in each country is largely consistent with the pattern for colonies, thereby confirming earlier studies (Moritz et al., 2007 We recommend the following general actions at the local, national, European and possibly global levels, which will facilitate a better understanding of the changes in honey bees and assist in quantifying and identifying the drivers of changes:
1. Adoption of a standardized methodology for surveys, with data reported at the local and national levels and then compiled in a central and web-based database. Data should be partitioned to also include the number of colonies imported and exported annually and to account for migratory beekeeping.
2. Collation of information on colony mortality at the local and national levels using standardized criteria and protocols to assign actual or probable cause of loss. harmonize and integrate national activities across Europe and 21 European honey bee declines worldwide. As part of the process, international standards will be developed for both monitoring and research activities in the form of a "Bee Book" (analogous to the Red Book for Drosophila, Lindsley and Zimm, 1992) . The Bee Book will be used as a framework to integrate various COLOSS working groups and thus enable joint large-scale international efforts to identify the underlying drivers for colony losses. It is crucial to work internationally, because attempts by individual countries to identify the drivers of colony losses and develop sustainable management are likely to fail due to the high number of interacting factors driving losses and inter-regional differences. We urge policy makers and practitioners to support these initiatives and our recommendations so that further losses of honey bees can be detected, quantified and understood, and appropriate mitigation strategies developed.
In conclusion, our study suggests that there is a decline in honey bee colonies in central Europe and in beekeeper numbers across Europe. Since other pollinators such as some wild bees and hoverflies, are also in decline (Biesmeijer et al., 2006) , this presents a potential threat to pollination services both to crops and to wild flowers. Our data must, however, be cautiously interpreted due to the various potential factors interfering with data collection. With the limited evidence available it is neither possible to identify the actual driver of honey bee losses in Europe nor to give a complete answer on the trends for colonies and beekeepers. This obviously creates an urgent demand for a standardization of evaluation methods, especially on colony numbers. Such harmonized reliable methods will be the obvious backbone for any research to understand and mitigate honey bee colony losses.
